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(54) SOUND REPRODUCING DEVICE 

(57) A signal produced by a speaker is removed 
from a totaled sound of noise around the speaker and 
the signal from the speaker, thereby extracting correctly 
the noise around. This structure allows an audio repro- 
ducing apparatus of the present invention to masking 
compensation more naturally. This audio reproducing 
apparatus includes a detecting coil (17) disposed on a 



bobbin (16) of the speaker (13), and a microphone (15) 
disposed around the speaker (13). An output signal 
from the detecting coil (17) and an output signal from 
the microphone (15) are respectively filtered, and then 
undergo an adding process. An input signal is adjusted 
its magnitude based on these processed signals. 

FIG.1 




1 



EP 1017 250 A1 



2 



Description 
Technical Reld 

[0001] The present invention relates to an audio 5 
reproducing apparatus for reproducing a quality signal 
in a ratlier noisy environment. 

Background Art 

[0002] Rg. 8 is a block diagram illustrating a con- 
ventional audio reproducing apparatus. In Fig. 8. an 
input signal received by input terminal 1 is fed into 
power amplifier 3 via gain-control-clrcuit 2. An output 
signal supplied from power amplifier 3 Is fed Into 
speaker 4 mounted to baffle 5 and then reproduced. 
Microphone 6 disposed around speaker 4 collects sig- 
nals radiated from speaker 4 together with the noises 
around baffle 5. An output signal supplied from micro- 
phone 6 and the output signal from amplifier 3 are fed 
into subtracter 7. where the input signal component is 
deducted from the sum of the radiated signal from 
speaker 4 and the noise around, thereby extracting the 
noise component around baffle 5. An output signal sup- 
plied from subtracter 7 is proportionate to the noise 
around arid restricts a bandwidth of the noise around 
via low-pass-filter 8. An output supplied from low-pass- 
filter 8 is converted from ac to dc by rectifying circuit 9 
and then supplied to gain-control-circuit 2 disposed at a 
stage before amplifier 3. This structure allows gain-con- 
trol-circuit 2 to change automatically an amplitude of an 
input signal responsive to the noise around speaker 4 
so that the signal radiated from speaker 4 can be pre- 
vented from being masked by the noise around. 
[0003] However, a conventional audio reproducing 
apparatus produces a difference between a signal com- 
ponent radiated from speaker 4 and that supplied from 
amplifier 3. thus subtracter 7 cannot completely remove 
the signal component radiated from speaker 4. There- 
fore, the noise component around the speaker is hard to 
be extracted, whereby the noises within only a limited 
bandwidth can be restricted. 

Summary of the Invention 

[0004] The present invention aims to provide an 
audio reproducing apparatus that removes a signal radi- 
ated from a speaker correctly; and changes a gain 
responsive to noises around. 
[0005] In order to achieve this objective, the audio 
reproducing apparatus of the present invention pre- 
pares a miaophone disposed around a speaker and a 
detecting means fbr detecting a movement of a voice 
coil of the speaker. The microphone and the detecting 
means extract a noise component around. This struc- 
ture allows the noise component around the speaker to 
be extracted correctly, so that masking compensation 
can be performed in a natural manner. 



Brief Description of Drawings 
[0006] 

Rg. 1 1s a block diagram illustrating an audio repro- 
ducing apparatus In accordance with an exemplary 
embodiment of the present invention. 
Rg. 2 shows characteristics of an output from a 
detection coil of the apparatus. 
Rg. 3 shows characteristics of an output from a 
high-pass-filter of the apparatus. 
Rg. 4 shows characteristics of an output from a first 
low-pass-filter of the apparatus. 
Rg. 5 shows characteristics of an output from a 
microphone of the apparatus. 
Rg. 6 shows characteristics of an output from a 
second low-pass-filter of the apparatus. 
Rg. 7 shows characteristics of an output from a 
phase shifter of the apparatus. 
Rg. 8 is a block diagram illustrating a conventional 
audio reproducing apparatus. 

Detailed Description of Exemplary EmK>odlment 



[0007] The exemplary embodiment of the present 
invention is demonstrated hereinafter with reference to 
the accompanying drawings. 
[0008] Fig. 1 is a block diagram illustrating an audio 
reproducing apparatus in accordance with the exem- 
plary embodiment of the present invention. In Fig. 1, a 
signal fed into input terminal 10 is supplied to gain-con- 
trol-circuit 1 1. which is controlled by a signal responsive 
to noises around. This signal is detailed later. An output 
from gain-control-clrcuit 11 is fed Into power amplifier 
12, and an output signal from amplifier 12 Is supplied to 
speaker 13 mounted to baffle 14. Microphone 15 Is dis- 
posed ahead of speaker 13. thereby collecting a signal 
radiated from speaker 1 3 together with the noise around 
and ahead of speaker 13. Further, in speaker 13, 
detecting coil 1 7 is provided to bobbin 16 on which voice 
coil is wound. Detecting coll 17 outputs a signal propor- 
tionate to a vibration speed of the voice coil. An output 
of detecting coil 1 7 is amplified by amplifier 18, then the 
output undergoes high-pass-filter 19 and a first low- 
pass-fiiter 20. thereby obtaining a signal-massing a 
desirable bandwidth for masking compensation— out of 
the signal components radiated from speaker 13. Sec- 
ond low-pass-filter 22 extracts noise component from an 
output of microphone 15. Next, an output of first low- 
pass-filter 20 undergoes phase-shifter 21 so that this 
output has a phase reverse to the output of second low- 
pass-filter 22. An output of phase shifter 21 and the out- 
put of second low-pass-filter 22 are both fed into adder 
23, whereby the signal component radiated from 
speaker 13 is removed. As a result, the noise collected 
by miaophone 15 from around and ahead of speaker 
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13 can be solely taken out. This output from adder 23. 
i.e. noise component around and ahead of speaker 13. 
is supplied to rectifying circuit 24 to convert an ac signal 
to a dc signal, then this dc signal Is supplied to gain-con- 
trol-circuit 11. This structure allows a gain to be auto- 5 
matically changed responsive to the noise around the 
speaker. Thus more natural masking compensation is 
expected. This mechanism is further detailed hereinaf- 
ter. 

[0009] Fig. 2 shows characteristics of frequency 10 
and phase of an output signal supplied from detecting 
coil 1 7. The output signal from coil 1 7 shows the charac- 
teristics proportionate to a vibration speed of bobbin 16 
on which a voice coil is wound. In Fig. 2. the phase 
becomes 0 (zero) degree at the frequency of 87 Hz. Fig. is 
3 shows characteristics of frequency and phase of an 
output signal from detecting coil 17. This output signal 
has run through the secondary high-pass-filter 19 hav- 
ing a 87 Hz cutoff frequency. In Fig. 3, the phase 
becomes 45 degree at the frequency of 1 18 Hz. Fig. 4 20 
shows characteristics of frequency and phase of an out- 
put signal from detecting coil 17. This output signal has 
run through the primary first low- pass-filter 20 having 
1 18 Hz cutoff frequency. 

[0010] Fig. 5 shows characteristics of frequency 25 
and phase of an output from microphone 15. As shown 
in Fig. 5, a signal radiated from speaker 13 shows the 
same characteristics as that of the output passed the 
secondary high-pass-fiiter. Fig. 6 shows characteristics 
of frequency and phase of the output signal from micro- 30 
phone 15. This output signal has run through the pri- 
mary second low-pass-filter 22 of which cutoff 
frequency is 118 Hz. in Fig. 6, the phase characteristic 
becomes —1 80 degree at the frequency of 1 00 Hz. Fig. 
7 shows characteristics of frequency and phase of the 35 
output signal from detecting coil 17. This output signal 
has run through phase shifter 21 which is set for a 
phase to be 0 degree at the frequency of 100 Hz. As 
shown in Rg. 6 and Fig. 7, the output signal from detect- 
ing coil 17 and that from microphone 15 have the fre- 40 
quency characteristics that pass approximately the 
same bandwidth, and the phases thereof are reverse 
with each other. These signals are fed into adder 23 
whereby the signal component radiated from speaker 
13 is removed. As a result, only the noise collected by 45 
microphone 15 from around and ahead of speaker 13 
can be taken out. 

[0011] In this first embodiment, microphone 15 is 
disposed around and ahead of speaker 13 on the 
assumption that the noise source is ahead of the so 
speaker. When the noise source is behind speaker 13. 
microphone 1 5 is disposed around and back of speaker 
13 so that the masking compensation can be more cor- 
rectly performed. In this case, the phases of respective 
signals can be reverse with each other by selecting a ss 
coupling method of detecting coil 17 or a type of ampli- 
fier 18, and as a result, the same effect can be pro- 
duced. 
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[0012] In this first embodiment, a detecting coil is 
used as detecting means. However, a piezoelectric pick- 
up producing electric charges responsive to a move- 
ment of the voice coil or an element converting the 
stress change due to the movement of the voice coil into 
a resistance change can also function as detecting 
means. In this case, an output from the detecting means 
and the output from microphone 15 desirably have the 
same characteristic. i.e. these signals run through the 
same bandwkJth, and are in reverse phases with each 
other so that the same effect can be produced. In order 
to realize this mechanism, high-pass-filter 19. first low- 
pass-filter 20, phase-shifter 21. and second tow-pass- 
filter 22 are desirably adjusted appropriately. 

Industrial Applicability 

[0013] An output from detecting means of voice coil 
movement of a speaker and an output from a micro- 
phone disposed around the speaker are both filtered so 
that a signal component supplied from the speaker is 
removed. Thus only the noise around the speaker is 
correctly taken out. and this output is converted to a dc 
signal by a rectifying circuit and then supplied to a gain- 
oontrol-circuit where a gain can be changed automati- 
cally responsive to the noise around the speaker. As a 
result, audio reproduction free from being masked with 
the noise around is achievable. 

Reference numerals in the drawings 
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23. Adder 

24. Rectifying circuit 

Claims 6 

1 . An audio reproducing apparatus comprising: 

(a) a power amplifier for amplifying an input sig- 
nal; 10 

(b) a speaker for reproducing an output signal 
from said power amplifier, said speaker being 
mounted to a baffle; 

(c) detecting means for detecting a movement 

of a voice coil disposed in said speaker; is 

(d) a microphone disposed around said 
speaker; 

(e) an amplifier for amplifying an output signal 
supplied from said detecting means; 

(f) a bandwidth-passing-means for an output 20 
supplied from said amplifier; 

(g) a phase shifter for receiving an output sig- 
nal from said bandwkith-passing-means; 

(h) adding means for adding electrically an out- 
put from said phase shifter and a lower fre- 25 
quency component of an output signal, 
including a noise around and a signal repro- 
duced by said speaker, from said microphone; 

(i) converting means for converting an ac signal 
supplied from said adding means into a dc sig- 30 
nal; and 

Q) control means for adjusting automatically a 
magnitude of the input signal responsive to the 
dc signal supplied from said converting means 
for preventing a reproduced sound from being ss 
masked with noise around said speaker, said 
control means disposed on an input side of 
said amplifier. 

2. The audio reproducing apparatus as defined in 40 
Claim 1 wherein said detecting means is a detect- 
ing coil disposed at a bobbin wound with a voice 
coil of said speaker. 

3. The audio reproducing apparatus as defined in 4S 
Claim 1 or 2 wherein said bandwidth-passing- 
means comprises a low-pass-filter and a high-pass- 
filter. 



The audio reproducing apparatus as defined in 
Claim 1. Claim 2. Claim 3, Claim 4 or Claim 5 
wherein said control means is a gain-control-circuit 
for controlling an amplitude of the input signal 
responsive to the dc signal supplied from said con- 
verting means. 

TTie audio reproducing apparatus as defined in 
Claim 1 wherein said microphone is disposed 
ahead of said speaker. 

The audio reproducing apparatus as defined in 
Claim 1 wherein said microphone is disposed 
behind said speaker. 



5. 



The audio reproducing apparatus as defined in 
Claim 1, Claim 2 or Claim 3 further comprising a 
low-pass-filter disposed between an input side of 
said adding means and an output side of said 
microphone. 

The audio reproducing apparatus as defined in 
Claim 1, Claim 2 Claim 3 or Claim 4 wherein said 
converting means is a rectifying circuit. 
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